Ab initio Hartree-Fock calculations of the structure and vibrational frequencies of cyclopropane and cyclopropyl radical are presented. It is found that the «CH bond in the radical is bent 39.3° out of the CCC plane, the inversion barrier is 3.0 kcal/mole and the pyramidal bending mode has a frequency of 713 cm-1 • Compared to cyclopropane, the aCC bonds are stronger, and the sCC bond is weaker in the radical. The shortening of the aCH bond, and the hyperconjugative interaction of the unpaired electron onto the sCH bonds previously observed in alkyl radicals, are found to be much less pronounced in cyclopropyl radical. 
to aid in the determination of the structure and normal coordinate analysis of alkyl radicals. A consistent analysis of the structures and dynamics of alkyl radicals was obtained from the calculations and the infrared spectra generated in low temperature matrices. 3 It resulted in a complete assignment of all the bands of the alkyl radica1. 4 Here we report HF calculations on the smaller cyclic radical, the cyclopropyl radica 1. Experimentally the isolation of the cyclopropyl radical in rare gas matrices has proven to be difficult. Indeed it has a high chemical reactivity for hydrogen atom abstraction, and it is difficult to prepare by a thermal bond fission reaction because of its unfavorable heat of formation. Photolysis of acetyl cyclopropyl peroxide 1 isolated in an argon matrix was attempted with the expectation to form cyclopropyl radical as shown below:
Instead the reaction only yielded the ester 3 as indicated below:
Presumably the acyloxy radical 2 has a long lifetime and instead of decarboxylating, combines with the methyl radical to form the ester.
Flash vacuum pyrolysis experiments 5 were performed on the diacyl peroxide 4 mixed in argon gas as indicated in Eq. (3):
By rapidly condensing the gaseous products emerging from the pyrolysis tube the radicals may be stabilized and observed spectroscopically. However, although the radicals are successfully produced the spectroscopic observation is ambiguous because of the presence of another radical species, most likely the allyl radical resulting from thermal conversion of cyclopropyl radica1. 6
The cyclopropane molecule has been extensively studied both experimentally and theoretically. A detailed description of the force field and assignment of the infrared spectra has been reported by Duncan et a1. The structures of the molecular species were determined by minimizing the energy with respect to all geometrical degrees of freedom simultaneously using the analytically calculated energy gradient. The force constant matrices, calculated at the respective equilibrium geometry, were obtained from numerical differences of the energy gradient as proposed by
Mciver et a1. 14 The calculations were carried out with the computer code HOND0. 15
III. STRUCTURES OF CYCLOPROPANE AND CYCLOPROPYL RADICALS
The o ii is not expected to be as dramatic.
iii) The CC bonds are no longer all equivalent. The aCC bond lengths are 1.476 A which is shorter than the CC bonds in cyclopropane This result is in qualitative agreement with the known conversion of cyclapropy1 radical to allyl radical by ace bond breaking. 6
iv) The aCH bonds are slightly longer than CH bonds in cyclopropane.
A more pronounced lengthening effect was calculated for the acyclic alkyl radicals, 1 and attributed to hyperconjugative interaction. In additionw it is seen that there is almost no difference between the ~ and anti sCH bonds.
v) Mulliken population analyses of the wavefunctions of cyclopropane and the cyclopropyl radical are given in Table 1 . In cyclopropane each hydrogen contributes 0.17 electrons to the carbon it is attached to. In the cyclopropyl radical the a-hydrogen contributes the same amount. However, out of the 0.17 electrons donated by the a-hydrogen, only 0.12 goes for anharmonicity. In spite of this, the theoretically determined frequencies are a valuable aid for assigning vibrational spectra.
The calculated and observed vibrational frequencies for cyclopropane (Table 2 ) are listed in order of decreasing frequency. The CH stretches are found at 3300-3400 cm-1 (expt. 3000-3100 cm-1 ); the CH 2 bends at -1650 cm-1 (expt. 1450 cm-1 ); CH 2 rocks, twists and wags are intermixed between 1200 and 1350 cm-1 (expt. 1000-1200 cm-1 ). Because of the small differences in frequencies between some of these modes, the ordering is somewhat different for the calculated frequencies. The symmetric CCC stretch is found at 1288 cm-1 (expt. 1188 cm-1 ), and the asymmetric one at 950 cm-1 (expt. 869 cm-1 ). The two lowest frequency modes are a CH 2 rock at 941 cm-1 (expt. 854 cm-1 ), and a CH 2 twist at
848 em expt. 738 em • In spite of the numerical differences between the e~perimental and theoretical frequencies in cyclopropane, a comparison of the theoretical data for cyclopropane and cyclopropyl radical should reveal the structural differences between the two species. The calculated frequencies for cyclopropyl radical are given in Table 3 . The radical has Cs symmetry, In addition it is found that no significant hyperconjugative interaction takes place between the radical center unpaired electron, and the eCH bonds, which are nearly equivalent to each other.
The theoretical vibrational analysis presented here is expected to help in the identification of the infrared spectrum of the cyclopropyl radical. Because of the ease of thermal conversion of cyclopropyl into allyl radical a theoretical study of the allyl radical similar to the one presented here should provide complementary information valuable for experimental studies on cyclic alkyl radicals. Such a study will be reported in a forthcoming publication. 
